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© Oscillation circuit, microcomputers and IC cards using the same. 



© An oscillation circuit comprises a plurality of 
inversion circuits, and a plurality of delay circuits, 
wherein at least one of the inversion circuits is 
constituted by a plurality of inverters connected in 
series to one another, and wherein driving capability 
of a first stage inverter of the plural inverters which 



is inserted immediately after the delay circuit pro- 
vided at the input side of the oscillation circuit is 
made lower than that of a final stage inverter in- 
serted immediately before the delay circuit provided 
at the output side of the oscillation circuit. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates to an 5 
oscillatioi circuit which is used in microcomputers, 
IC cards and the like. More particularly, the inven- 
tion is concerned with an oscillation circuit which 
can operate stably over an extended range of op- 
erating voltages. With the term "microcomputer", it jo 
is contemplated to mean small computer system 
and cover small business or office computers and 
personal computers. Further, the "IC card" covers 
those typified by chip card, intelligent card, smart 
card and the like. 7 s 

Description of the Related Art 

Heretofore, the microcomputers and the de- 
vices mentioned above have been so designed as 20 
to operate with a single operating voltage usually 
standardized to 5 volts. In that case, it is sufficient 
for the oscillation circuit incorporated in the micro- 
computers to operate with a single operating volt- 
age. In recent years, however, there arises increas- 25 
ingly a demand for battery-driven microcomputers 
such as notebook-size personal computers, handy- 
type terminals and the like, which in turn requires 
oscillation circuits which are capable of operating at 
various voltages within a wide voltage range. How- 30 
ever, broadening of the operating voltage range of 
the oscillation circuit is accompanied with problems 
to be solved, which will be explained below in 
conjunction with a typical one of the conventional 
oscillation circuits. 35 

Fig. 6 is a diagram showing an oscillation cir- 
cuit known heretofore which is used in a charge 
pump for internally generating voltage signals to be 
supplied to UART (Universal Asynchronous Re- 
ceiver/Transmitter), EEPROM (Electrically Erasable 40 
and Programmable Read-Only Memory) and others 
incorporated in microcomputers, IC cards and oth- 
ers. Referring to Fig. 6, the oscillation circuit in- 
cludes a NAND circuit 1 having first and second 
input terminals, a first inverter 2 having an input 45 
terminal to which the output terminal of the HAND 
circuit 1 is connected and an output terminal con- 
nected to one end of a first capacitor 4 via a first 
resistor 3. The other end of the first capacitor 4 is 
grounded. A junction (i.e., node of connection) be- 50 
tween the first resistor 3 and the first capacitor 4 is 
connected to an input terminal of a second inverter 
5 which has an output terminal connected to one 
end of a second capacitor 7 via a second resistor 
6. The other end of the second capacitor 7 is 55 
grounded. A junction between the second resistor 6 
and the second capacitor 7 is connected to an 
output terminal 8 of the oscillation circuit on one 
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hand and connected to the second input terminal of 
the NAND circuit 1 or the other hand. The first 
input terminal of the NAND circuit 1 is connected 
to an input terminal 9 of the oscillation circuit. 
Parenthetically, the first inverter 2, the first resistor 
3 and the first capacitor 4 constitute one circuit unit 
10a, while the another circuit unit 10b is constituted 
by the second inverter 5, the second resistor 6 and 
the second capacitor 7. Of co.urse, more than two 
circuit units of the same configuration as the circuit 
units 10a and 10b may be connected in cascade, if 
desired. 

As a trigger signal for triggering operation of 
the oscillation circuit, an enable signal EN is sup- 
plied to the first input terminal of the NAND circuit 
1 from a CPU (Central Processing Unit) or the like 
incorporated in the microcomputer or IC card. 
When the enable signal EN is fixed to a low level 
(L), the output of the NAND circuit 1 takes on a 
high level (H). This high-level output of the NAND 
circuit 1 is transmitted to the output terminal 8 via a 
series connection of the first inverter 2 and the first 
resistor 3 as well as the second inverter 5 and the 
second resistor 6 connected in series. Thus, an 
output signal OUT of high level (H) makes appear- 
ance at the output terminal 8 of the oscillation 
circuit. This output signal OUT is fed back to the 
second input terminal of the NAND circuit 1 . How- 
ever, because the enable signal EN applied to the 
first input terminal of the NAND circuit 1 is fixed at 
the low level, the output of the NAND circuit 1 
remains constantly at the high level. 

When the enable signal EN is changed from 
the low level to the high level, the output of the 
NAND circuit 1 changes from the high to the low 
level, which results in change of the output signal 
OUT at the output terminal 8 to the low level from 
the high level. At this time, the feedback signal 
applied to the second input terminal of the NAND 
circuit 1 becomes low. Consequently, the output of 
the NAND circuit 1 becomes high with the result 
that the level of the output signal OUT at the output 
terminal 8 is also high. Through repetition of the 
operation described above, there takes place os- 
cillation in the oscillation circuit, wherein the oscilla- 
tion frequency is determined by a time constant 
which in turn is determined by the values of the 
first resistor 3, the second resistor 6, the first 
capacitor 4 and the second capacitor 7. Fig. 7 
shows a waveform of the oscillation signal output- 
ted from the output terminal 8. The curvilinear rise- 
up edges and falling edges of the pulse-like waves 
are determined in dependence on the time con- 
stant mentioned above. In order to allow the pe- 
riodical signal generated by the oscillation circuit in 
this way to be utilized as a clock signal, the signal 
will have to be shaped by a suitable shaper circuit. 
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The pricr art oscillation circuit described above 
suffers a problem that because each of the circuit 
units 10a and 10b includes a single inverter (2 or 
5), the oscillation frequency characteristics of the 
oscillation circuit depend on the driving capability 
of the first inverter 2 or the second inverter 5 to a 
great extent. With the phrase "driving capability" 
used herein, it is contemplated to mean a param- 
eter indicating magnitude of a current which can be 
driven by the inverter. Since the inverter is con- 
stituted by an N-channel transistor and a P-channel 
transistor, the driving capability of the former is 
determined by that of the latter. 

As mentioned previously, in the prior art os- 
cillation circuit, the frequency of oscillation de- 
pends on a time constant (a delay factor) which in 
turn is determined by values of the resistor (3, 6) 
and the capacitor (4, 7) connected to the inverter 
(2, 5). Besides, the transistor itself which con- 
stitutes the inverter (2, 5) has a resistance compo- 
nent (internal resistance) which bears such relation 
to the driving capability of the inverter (2, 5) that 
the internal resistance assumes a smaller value as 
the driving capability becomes greater and vice 
versa. 

For the reasons mentioned above, if the driving 
capability of the inverters 2 and 5 is low when a 
wide range of operating voltage ranging from ca. 
2.7 to 5.5 volts is to be ensured for the oscillation 
circuit, the influence of the internal resistance of 
the transistors constituting the inverter becomes 
significant to make dull the waveform of the output 
signal of the oscillation circuit (i.e., the time taken 
for the rise-up and falling of the pulse is in- 
creased), which results in that the oscillation fre- 
quency deviates from a preset value to a lower 
frequency. On the other hand, when the driving 
capability of the inverters 2 and 5 are enhanced, 
the influence to dullness of the waveform (and 
hence deviation from the preset frequency) can 
certainly be mitigated. However, in that case, pow- 
er consumption of the inverters and hence the 
oscillation circuit increases, giving rise to a prob- 
lem. 

SUMMARY OF THE INVENTION 

In the light of the state of the art described 
3!?c »,o it thflmfnrft an object of the present 



Another object of the present invention is to 
provide a computer system which includes as a 
part of a clock signal generating means an oscilla- 
tion circuit of the type mentioned above. 
5 A further object of the invention is to provide 

an IC card device which includes as a part of a 
clock signal generating means an oscillation circuit 
of the type mentioned above. 

In view of the above and other objects which 
io will become apparent as description proceeds, 
there is provided according to a first aspect of the 
present invention an oscillation circuit which com- 
prises a plurality of inversion circuits, and a plural- 
ity of delay circuits, wherein at least one of the 
75 inversion circuits is constituted by a plurality of 
inverters connected in series to one another, and 
wherein driving capability of a first stage inverter of 
the plural inverters which is inserted immediately 
after the delay circuit disposed at the input side of 
20 the oscillation circuit is made lower than that of a 
final stage inverter inserted immediately before the 
delay circuit disposed at the output side of the 
oscillation circuit. 

With the arrangement of the oscillation circuit 
25 described above, the power consumption can ef- 
fectively be prevented from increasing because 
magnitude of a through-current can be decreased 
by lowering the driving capability of the first stage 
inverter for which the input signal has a waveform 
so dulled. Further, by enhancing the driving capability 
of the final stage inverter for which the input signal 
rises up and falls sharply, influence of the internal 
resistance to the time constant can be suppressed 
to a minimum, whereby the oscillation frequency 
35 can be prevented from variation or fluctuation. 
Thus, there can be realized an oscillation circuit 
which can operate stably over a wide range of 
voltages. 

Further, according to a second aspect of the 
4 o present invention, there is provided an oscillation 
circuit which comprises a NAND circuit having a 
first input terminal to which a trigger signal is 
externally applied, a first inversion circuit for invert- 
ing an output signal of the NAND circuit, a first 
45 delay circuit for integrating an output signal of the 
first inversion circuit, at least one second inversion 
circuit for inverting and amplifying an output signal 
of the first delay circuit, and at least one second 
delay circuit for integrating an output signal of the 

— 53 second inversion circuu, whefyin an uuipul of the- 

second delay circuit being fed back to be applied 
to a second input terminal of the NAND circuit, 
wherein at least one second inversion circuit men- 
tioned above is constituted by a plurality of invert- 
55 ers connected in series to one another, and 
wherein driving capability of a first stage inverter of 
the plural inverters which is inserted immediately 
after the first delay circuit is made lower than that 



invention is to solve the problems of the oscillation 
circuit known heretofore and provide to this end a 
novel and improved oscillation circuit which can 
enjoy an extended or enlarged range of operating 
voltages with power consumption being sup- 
pressed from increasing without incurring change 
or variation in the output frequency of the oscilla- 
tion circuit. 
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of a final stage inverter inserted immediately be.'ore 
the second delay circuit. 

By virtue of the arrangement of the oscillation 
circuit mentioned above, there can be achieved 
advantageous effects similar to those mentioned 5 
above in conjunction with oscillation circuit accord- 
ing to the first aspect of the present invention. 

In the case of the oscillation circuits of the 
structures mentioned above, unwanted situation 
such as non-occurrence of oscillation may be un- w 
desirably involved, if a difference in the driving 
capability between the first stage inverter and the 
final stage inverter is excessively large. Accord- 
ingly, in a preferred mode for carrying out the 
invention, the second inversion circuit mentioned 75 
above may include at least one intermediate stage 
inverter connected between the first stage inverter 
and the final stage inverter, wherein driving capabil- 
ity of the intermediate stage inverter is made high- 
er than that of the first stage inverter and lower 20 
than that of the final stage inverter. By virtue of 
provision of the intermediate stage inverter, a more 
stable operation of the oscillation circuit can be 
ensured. 

In another preferred mode for carrying out the 25 
invention, the second inversion circuit previously 
mentioned may include a plurality of intermediate 
stage inverters connected in series between the 
first stage inverter and the final stage inverter, 
wherein driving capabilities of the plurality of inter- 30 
mediate stage inverters are progressively and se- 
quentially increased, starting from the one con- 
nected immediately after the first stage inverter 
toward the final stage inverter. 

By providing a plurality of intermediate stage 35 
inverters, even a large difference in the driving 
capability between the first and final stage inverters 
can adequately be accommodated, whereby opera- 
tion of the oscillation circuit can further be stabi- 
lized over an extended range of operating voltages. 40 

The above and other objects, features and at- 
tendant advantages of the present invention will 
more easily be understood by reading the following 
description of the preferred embodiments thereof 
taken, only by way of example, in conjunction with 45 
the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a circuit diagram showing a configura- 
tion of an oscillation circuit according to an 
embodiment of the present invention; 
Fig- 2 is a waveform diagram showing a 
waveform of an input signal for illustrating op- 
eration of the oscillation circuit shown in Fig. 1 ; 55 
Fig. 3 is a waveform diagram showing a 
waveform of an output signal for illustrating op- 
eration of the same; 



Fig. 4 is a circuit diagram showing a typical 
structure of an inverter employed in the oscilla- 
tion circuit; 

Fig. 5 is a pattern diagram for illustrating a 
physical structure of the inverter shown in Fio 
4; 

Fig. 6 is a diagram showing an oscillation circuit 
known heretofore; and 

Fig. 7 is a waveform diagram showing an os- 
cillation signal outputted from an output terminal 
for illustrating operation of the conventional os- 
cillation circuit shown in Fig. 1. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Now, the present invention will be described in 
detail in conjunction with preferred or exemplary 
embodiments thereof by reference to the drawings. 

Fig. 1 is a circuit diagram showing a configura- 
tion of an oscillation circuit according to an em- 
bodiment of the present invention which is adapted 
to be incorporated in microcomputers, IC cards or 
the like. 

Referring to Fig. 1, a NAND circuit 11 has two 
input terminals, a first terminal of which is con- 
nected to an input terminal 23 of the oscillation 
circuit. A trigger signal generated by a CPU (Cen- 
tral Processing Unit) incorporated in a microcom- 
puter, an IC card or the like is inputted to the input 
terminal 23 as an enable signal EN for triggering 
operation of the oscillation circuit. The NAND cir- 
cuit 11 has an output terminal connected to an 
input terminal of a first delay circuit D1 via a first 
inverter 12 which serves as a first inversion circuit. 
The output terminal of the first delay circuit D1 is 
connected to an input terminal of a second inver- 
sion circuit IV of which output terminal is con- 
nected to an input terminal of a second delay 
circuit D2. 

The first delay circuit D1 includes a first resis- 
tor 13 having one end connected to the output 
terminal of the first inverter 12 and a first capacitor 
14 having one end connected to the other end of 
the first resistor 13. The other end of the capacitor 
14 is grounded. A junction (i.e., connecting node or 
point) between the first resistor 13 and the first 
capacitor 14 is connected to the input terminal of 
the second inversion circuit IV. 

The second inversion circuit IV includes a sec- 
ond inverter 15 constituting a first stage inverter, a 
third inverter 16 constituting an intermediate stage 
inverter and a fourth inverter 17 serving as a final 
stage inverter, wherein the input terminal of the 
second inverter 15 is connected to the junction 
between the first resistor 13 and the first capacitor 
14. 
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On the other hand, the second delay circuit D2 
includes a second resistor 18 having one end con- 
nected to the output terminal of the fourth inverter 
17 and a second capacitor 19 having one end 
connected to the other end of the second resistor 
18. The other end of the capacitor 19 is connected 
to the ground. A junction between the second re- 
sistor 18 and the second capacitor 19 is connected 
to the output terminal 20 of the oscillation circuit for 
generating an output signal which can be utilized 
as a clock signal for a UART (Universal Asyn- 
chronous Receiver/Transmitter), an EEPROM 
(Electrically Erasable and Programmable Read- 
only Memory) and others incorporated in the 
microcomputer, IC card or the like. Additionally, the 
junction between the second resistor 18 and the 
second capacitor 19 is connected to a second 
input terminal of the NAND circuit 11 via fifth and 
sixth inverters 21 and 22 connected in series. 

Fig. 2 is a waveform diagram showing a 
waveform of the enable signal EN supplied to the 
first inverter 12 from a CPU of a microcomputer, IC 
card or the like, and Fig. 3 is a waveform diagram 
showing a waveform of an output signal OUT gen- 
erated by the second delay circuit D2. 

Fig. 4 is a circuit diagram showing a typical 
structure of the inverter 15, 16 or 17 shown in Fig. 
1. As can be seen from the figure, the inverter is 
realized in the form of a CMOS (Complementary 
Metal-Oxide Semiconductor) device in which a P- 
type transistor 51 and an N-type transistor 52 are 
connected in a complementary manner. More spe- 
cifically, the P-type transistor 51 and the N-type 
transistor 52 have respective bases which are inter- 
connected so as to form an input terminal (IN). The 
P-type transistor 51 has an emitter connected to a 
power source 55, while the N-type transistor 52 has 
a collector connected to the ground potential. The 
collector of the P-type transistor 51 and the emitter 
of the N-type transistor 52 are connected together 
to form an output terminal (OUT). 

In operation, when the input signal applied to 
the bases of the P-type transistor 51 and the N- 
type transistor 52 changes from a low level to a 
high level, the N-type transistor 52 becomes con- 
ducting, which is followed by turn-off of the P-type 
transistor 51 (i.e., switching of the P-type transistor 
51 to the non-conducting state). In this conjunction, 
it chnniH h nwfiver be not ed that both of the transis- 
tors 51 and 52 temporarily or transiently assume 
the conducting state simultaneously during a pe- 
riod in which the input signal changes from the low 
level to the high level. As a consequence, a 
through-current (which may also be referred to as 
the rush current) flows from the power source 52 to 
the ground 56 (i.e., in the direction indicated by an 
arrow 57) via the P-type transistor 51 and the N- 
type transistor 52. Similarly, upon changing of the 



input signal from the high level to the low level, the 
P-type transistor 51 is first turned on and then the 
N-type transistor 52 is turned off. Consequently, 
during a period in which the input signal falls from 
5 the high level to the low level, both of the P-type 
transistor 51 and the N-type transistor 52 are tem- 
porarily set to the conducting state to allow the 
through-current to flow from the power source 55 to 
the ground 56. 
w Fig. 5 is a diagram for illustrating a physical 

structure of the inverter shown in Fig. 4. Referring 
to the figure, the P-type transistor 51 has a field 
region 31, a gate region 32 and a signal input 
region 33. Similarly, the N-type transistor 52 has a 
75 field region 34 and a gate region 35. Aluminum 
wires 36, 38 and 39 are connected to the output 
terminal, the ground and the power source, respec- 
tively. Contact regions 37 are provided for making 
electrical contacts between the aluminum wires 36, 
20 38 and 39 and the fields 31 and 32, respectively. 

Now, operation of the oscillation circuit accord- 
ing to the instant embodiment of the invention will 
be described in detail. The mechanism itself for 
causing the oscillation to take place is essentially 
25 same as that of the conventional oscillation circuit 
described hereinbefore by reference to Fig. 6. In 
other words, so long as the enable signal EN 
applied to the first input terminal of the NAND 
circuit 1 1 as the trigger signal is fixed to the low 
30 level, the output signal OUT appearing at the out- 
put terminal 20 continues to remain at the high 
level, involving no oscillation. However, when the 
enable signal EN is changed from the low level to 
the high level and fixed at the high level, oscillation 
35 takes place in the output signal OUT in the manner 
described hereinbefore in conjunction with the con- 
vention oscillation circuit. 

The input signal for the second inverter 15 
disposed at the input side of the second inversion 
40 circuit IV and constituting the so-called first stage 
inverter is caused to flow through the first delay 
circuit D1 constituted by the first resistor 13 and 
the first capacitor 14 before being inputted to the 
second inverter 15 and thus dulled in the 
45 waveform, as illustrated in Fig. 2. Consequently, if 
the driving capability of the second inverter 15 is 
enhanced, the period during which both the P-type 
transistor 51 and the N-type transistor 52 of the 
second inverter 15 are simultaneously in the con- 
~~ £3 ducting state is elongated, as a resuix of wiiidi iiie 
temporal period during which the through-current 
flows from the power source 55 to the ground 51 is 
extended, thus involving increase in the power con- 
sumption. In contrast, the waveform of the signal 
55 inputted to the fourth inverter 17 corresponding to 
the final stage inverter provided at the output side 
can evade from becoming dull (i.e., this pulse 
signal has sharp or steep rise-up edge and falling 
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edge). Accordingly, increase or enhancement of 
the driving capability of the fourth inverter 17 is not 
accompanied with any appreciable increase in the 
duration of the through-current and hence in the 
power consumption. 

As mentioned previously, the driving capability 
of each of the inverters 15 to 17 is determined by 
the driving capabilities of the P-type transistor 51 
and the N-type transistor 52 which constitute the 
inverter. In this conjunction, the driving capability 0 j 
of each of these transistors is given by the follow^ 
ing expression: 

0 = P • W/ L 

r 

where P represents a constant determined by var- 
ious parameters (temperature, manufacturing pro- 
cess, material, impurity concentration, thickness of 
gate oxide film, dielectric constant, etc.) in the 
semiconductor manufacturing processes, L repre- 2< 
sents a length of the gate of the transistor, and W 
represents a width of the same. Thus, it can be 
seen that the driving capability of the transistor is 
determined in dependence on the ratio between 
the width W and the length L of the gate, i.e., W/L 21 
More specifically, the driving capability of the in- 
verter constituted by the P-type transistor 51 and 
the N-type transistor 52 as shown in Fig. 5 in- 
creases as the lengths L1 and L2 of the gates of 
the P-type transistor 51 and the N-type transistor 30 
52, respectively, is dimensioned shorter and/or as 
the widths W1 and W2 of the N-type transistor 52 
and the P-type transistor 51, respectively, is 
dimensioned greater. 

Further, magnitude of the current flowing 35 
through the transistors 51 and 52 increases as the 
input voltage is higher and vice versa. In other 
words, as the input voltage is higher, the driving 
capabilities of the transistors 51 and 52 are in- 
creased (with the internal resistance being de- 40 
creased) and vice versa. This means that as the 
input voltage to the inverter immediately preceding 
to the second delay circuit D2 is lower, the output 
frequency rate of the second delay circuit D2 be- 
comes low. Thus, by increasing sufficiently the 45 
driving capability of the fourth inverter 17 disposed 
immediately before the second delay circuit D2, 
the lowering of the output frequency rate of the 
second delay circuit D2 can be suppressed to a 
negligible degree, whereby variation or fluctuation 50 
of the oscillation frequency can satisfactorily be 
suppressed. 

For the reasons described before, in the os- 
cillation circuit according to the instant embodiment 
of the present invention, the driving capability of 55 
the second inverter 15 constituting the first stage 
inverter disposed at the input side of the second 
inversion circuit IV is reduced because it is suffi- 



cient for the second inverter 15 to drive only the 
third inverter 16, while the driving capability of the 
fourth inverter 17 constituting the final stage in- 
verter is increased, whereby the influence of the 
internal resistance which affects the time constant 
of the oscillation circuit is suppressed to a possible 
minimum. Thus, deviation of the oscillation fre- 
quency from the preset frequency can effectively 
be avoided even when the overall driving capability 
of the second inversion circuit IV is set to be low, 
while the power consumption can profitably be 
prevented from increasing even when the overall 
driving capability of the second inversion circuit IV 
is set to be high. In this manner, there can be 
ensured highly stable operation of the oscillation 
circuit over a wide voltage range from ca: 2.7 volts 
to ca. 5.5 volts while decreasing effectively the 
power consumption. 

When the driving capability of the second in- 
verter 1 5 constituting the first stage is lowered with 
that of the fourth inverter 1 7 of the final stage being 
increased, difference arises in the driving capability 
between the second inverter 15 and the fourth 
inverter 17. If this difference is excessively large, 
the fourth inverter 17 of the final stage may fail to 
drive the current satisfactorily, which may even- 
tually lead to no occurrence of oscillation. Such 
unwanted situation can be evaded by providing the 
third inverter 16 as the intermediate stage inverter 
and selecting the driving capability of the third 
inverter 16 higher than the second inverter 15 and 
lower than the fourth inverter 17. The number of 
the intermediate stage inverters may be increased, 
as occasion requires. In that case, however, the 
number of the inverter elements (inclusive of the 
NAND circuit) in the oscillation circuit as a whole 
should be selected to be an odd number, because, 
if otherwise, no oscillation can take place. 

In the case of the oscillation circuit illustrated in 
Fig. 1, only one inverter 16 is provided as the 
intermediate stage inverter of the second inversion 
circuit IV. In this conjunction, it should be noted 
that a plurality of intermediate stage inverters which 
differ from one another in respect to the driving 
capability may be connected in series between the 
first stage inverter 15 and the final stage inverter 
17. In that case, the driving capabilities of these 
plural intermediate stage inverters should prefer- 
ably be so set as to decrease progressively and 
sequentially from the inverter disposed immedi- 
ately after the first stage inverter 15 toward the 
inverter disposed immediately before the final 
stage inverter 17. Owing to such arrangement, sig- 
nificant difference in the driving capability between 
the first stage inverter 15 and the final stage in- 
verter 17 can stepwise and smoothly be accom- 
modated or alleviated by the plural intermediate 
stage inverters. 
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Many features and advantages of the present 
invention are apparent form the detailed specifica- 
tion and thus it is intended by the appended claims 
to cover all such features and advantages of the 
system which fall within the true spirit and scope of 
the invention. Further, since numerous modifica- 
tions and changes will readily occur to those skilled 
in the art, it is not desired to limit the invention to 
the exact construction and operation illustrated and 
described. 

By way of example, in the oscillation circuit 
shown in Fig. 1, the second inversion circuit IV is 
constituted by a plurality of inverters 15 to 17. It is, 
however, to be added that the first inversion circuit 
12 may equally be constituted by a plurality of 
inverters. Further, the secnd inversion circuit IV 
and the second delay circuit D2 may be provided 
in pluralities, respectively. Besides, it should be 
appreciated that the oscillation circuit according to 
the invention is never limited to any particular utili- 
zation but may find a great variety of applications 
covering not only the existing microcomputers and 
IC cards but also those which will be developed in 
the future. Accordingly, the terms "microcom- 
puter", "IC card" or "computer system" used here- 
in should be interpreted in its broadest sense. 
Thus, it should be understood that all suitable 
modifications and equivalents may be resorted to, 
falling within the scope of the invention. 

An oscillation circuit comprises a plurality of 
inversion circuits, and a plurality of delay circuits, 
wherein at least one of the inversion circuits is 
constituted by a plurality of inverters connected in 
series to one another, and wherein driving capabil- 
ity of a first stage inverter of the plural inverters 
which is inserted immediately after the delay circuit 
provided at the input side of the oscillation circuit is 
made lower than that of a final stage inverter in- 
serted immediately before the delay circuit pro- 
vided at the output side of the oscillation circuit. 

Claims 

1. An oscillation circuit, comprising: 

a plurality of inversion circuits; and 
a plurality of delay circuits, 
wherein at least one of said inversion cir- 
cuits is constituted by a plurality of inverters 
connected in series to one another, and 

wherein driving capabi l ity of a f i r st-stage- 

inverter of said plural inverters which is in- 
serted immediately after the delay circuit pro- 
vided at the input side of said oscillation circuit 
is made lower than that of a final stage inverter 
inserted immediately before the delay circuit 
provided at the output side of said oscillation 
circuit. 



2. An oscillation circuit, comprising: 

a NAND circuit having a first input terminal 
to which a trigger signal is externally applied; 

a first inversion circuit for inverting an out- 
5 put signal of said NAND circuit; 

a first delay circuit for integrating an output 
signal of said first inversion circuit; 

at least one second inversion circuit for 
inverting and amplifying an output signal of 
w said first delay circuit; and 

at least one second delay circuit for in- 
tegrating an output signal of said second inver- 
sion circuit, an output of said second delay 
circuit being fed back to be applied to a sec- 
75 ond input terminal of said NAND circuit; 

wherein said at least one second inversion 
circuit is constituted by a plurality of inverters 
connected in series to one another, and 

wherein driving capability of a first stage 
20 inverter of said plural inverters which is in- 

serted immediately after said first delay circuit 
is made lower than that of a final stage inverter 
inserted immediately before said second delay 
circuit. 

25 

3. An oscillation circuit according to claim 2, 

said at least one second inversion circuit 
including at least one intermediate stage in- 
verter connected between said first stage in- 
30 verter and said final stage inverter, 

wherein driving capability of said interme- 
diate stage inverter is higher than that of said 
first stage inverter and lower than that of said 
final stage inverter. 

35 

4. An oscillation circuit according to claim 3, 

said at least one second inversion circuit 
including a plurality of intermediate stage in- 
verters connected in series between said first 
40 stage inverter and said final stage inverter, 

wherein driving capabilities of said plurality 
of intermediate stage inverters are progres- 
sively and sequentially increased, starting from 
the one connected immediately after said first 
45 stage inverter toward said final stage inverter. 

5. A computer system, comprising clock signal 
generating means including an oscillation cir- 
cuit of which operation is triggered by a signal 

-ss geRefate<HftfofnaHy-ef ^t d<)^^ — 

said oscillation circuit comprising: 
a plurality of inversion circuits; and 
a plurality of delay circuits, 
wherein at least one of said inversion cir- 
55 cuits is constituted by a plurality of inverters 

connected in series to one another, and 

wherein driving capability of a first stage 
inverter of said plural inverters which is in- 
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serted immediately after the delay circuit pro- 
vided at the input side of said oscillation circuit 
is made lower than that of a final stage inverter 
inserted immediately before the delay circuit 
provided at the output side of said oscillation 5 
circuit. 

6. A computer system, comprising clock signal 
generating means including an oscillation cir- 
cuit of which operation is triggered by a signal io 
generated internally of said computer system, 

said oscillation circuit comprising: 

a NAND circuit having a first input terminal 
to which a trigger signal is externally applied; 

a first inversion circuit for inverting an out- 75 
put signal of said NAND c ; rcuit; 

a first delay circuit for integrating an output 
signal of said first inversion circuit; 

at least one second inversion circuit for 
inverting and amplifying an output signal of 20 
said first delay circuit; and 

at least one second delay circuit for in- 
tegrating an output signal of said second inver- 
sion circuit, an output of said second delay 
circuit being fed back to be applied to a sec- 25 
ond input terminal of said NAND circuit; 

wherein said at least one second inversion 
circuit is constituted by a plurality of inverters 
connected in series to one another, and 

wherein driving capability of a first stage 30 
inverter of said plural inverters which is in- 
serted immediately after said first delay circuit 
is made lower than that of a final stage inverter 
inserted immediately before said second delay 
circuit. 36 



a NAND circuit having a first input terminal 
to which a trigger signal is externally applied; 

a first inversion circuit for inverting an out- 
put signal of said NAND circuit; 

a first delay circuit for integrating an output 
signal of said first inversion circuit; 

at least ond second inversion circuit for 
inverting and amplifying an output signal of 
said first delay circuit; and 

at least one second delay circuit for in- 
tegrating an output signal of said second inver- 
sion circuit, an output of said second delay 
circuit being fed back to be applied to a sec- 
ond input terminal of said NAND circuit; 

wherein said at least one second inversion 
circuit is constituted by a plurality of inverters 
connected in series to one another, and 

wherein driving capability of a first stage 
inverter of said plural inverters which is in- 
serted immediately after said first delay circuit 
is made lower than that of a final stage inverter 
inserted immediately before said second delay 
circuit. 



7. An IC card device, comprising clock signal 
generating means including an oscillation cir- 
cuit, 

said oscillation circuit comprising: 40 

a plurality of inversion circuits; and 

a plurality of delay circuits, 

wherein at least one of said inversion cir- 
cuits is constituted by a plurality of inverters 
connected in series to one another, and 45 

wherein driving capability of a first stage 
inverter of said plural inverters which is in- 
serted immediately after the delay circuit pro- 
vided at the input side of said oscillation circuit 
is made lower than that of a final stage inverter so 
inserted immediately before the delay circuit 
provided at the output side of said oscillation 
circuit. 



8. An IC card device, comprising clock signal 55 
generating means including an oscillation cir- 
cuit, 

said oscillation circuit comprising: 
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is inserted immediately after the delay circuit pro- 
vided at the input side of the oscillation circuit is 
made lower than that of a final stage inverter in- 
serted immediately before the delay circuit provided 
at the output side of the oscillation circuit. 
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